Abstract-Decrease of Dual-Task (DT) ability is known to be one of fall-risk factors. We developed a new game concept, Dual-Task Tai Chi (DTTC), using Kinect (Microsoft Co.), a motion-capture device, and demonstrated that the DTTC test can quantitatively evaluate various functions that are known risk factors for falling in elderly adults. Moreover, DT training has been attracting attention as a way to improve balance and DT ability. However, only a few studies have reported that it improves cognitive performance. Therefore, the purpose of this study was to demonstrate whether or not a 12-week program of DTTC training would effectively improve cognitive functions. A total of 41 elderly individuals (training group: n = 26, control group: n = 15) participated in this study and their cognitive functions were assessed before and after DTTC training. Significant differences were observed between the two groups with significant group x time interactions for the executive cognitive function measure: t:. trail-making test (part B part A) (p < 0.05). The results suggest that DTTC training is effective for improving executive cognitive functions.
Kyoto, Japan considerable attention [6] . DT training is now recognized as a fall prevention tool that enhances physical functions among elderly people [7] .
With a focus on DT, we developed a new concept, called the Dual-Task Tai Chi (DTTC) test [8] . This system was developed using Kinect (Microsoft, Redmond, W A, USA), a motion-capture device, and demonstrated that the DTTC test quantitatively evaluates compound functions, including DT, balance, and cognitive abilities, in elderly people [9] . In unpublished data, we found that DTTC training was useful not only to assess, but also to improve balance and mobility among elderly people [10] .
Several investigators have reported the effects of DT training on balance, mobility, walking, and DT ability [11, 12] . However, only a few have reported that DT training improves cognitive performance. We reported that Trail Walking Exercise, which is similar to Trail Making Test (TMT) under DT condition, improved executive cognitive functions [13] . According to this, we expected that DTTC training would improve cognitive functions as well, especially executive functions. Therefore, the purpose of this study was to reveal that training with the DTTC device affects cognitive performance in elderly individuals.
A. Participants with increased risk of falls, such as Parkinson's disease or stroke; osteoporosis; and psychotropic drug use. We obtained written informed consent from each participant.
B. Device
The DTTC test [8] [9] [10] requires users to solve a number placement problem (Sudoku) by controlling a stick figure with the movement of their entire body. The user's full-body motion is captured using Kinect and is translated into movements for the stick figure on a screen. The cognitive task is to fill in 3 boxes chosen at random from a 4 x 4 grid with digits ranging from 1 to 4. The user selects a digit using his or her right hand and left foot and points to a box with his or her left hand. In addition, the user must move his or her right hand to the left hand to fill the indicated box with the selected digit. As such, full-body motion, similar to Tai Chi Chuan movements, is required. We recorded the time taken to fIll in all 3 boxes, as our evaluation index.
To begin with, the user stands 3 m in front of the Kinect sensor with his or her right foot in front of the sensor (Figure 1 ).
The following instructions were provided.
1.
Reach a digit you need to use with your right hand to fill a blank you want to answer.
2.
Step 50 cm laterally, with your left leg, to grip the digit in your right hand.
3.
Select the blank you want to answer with your left hand, and move your right hand to your left one. 
D. Outcome measures
All participants underwent evaluation upon entry into the study (pre-intervention) and at the end of the study (post intervention), using the results of 2 cognitive performance tests.
Cognitive functions were evaluated using the trail-making test (TMT) [17] and verbal fluency test (VFT) [18] [19] [20] .
The TMT is a well-established psychomotor test originally 
E. Statistical analysis
We compared baseline characteristics between the participants in each group to examine the comparability between the 2 groups using Student's t-test or the chi-squared test. 
RESULTS

A. Study population
A total of 41 of the 48 selected subjects (85. 4%) completed the study protocols and returned for their exit interviews and final testing (TG: n = 26, CG: n = 15). The participants' baseline data did not differ significantly between the two groups. Thus, the groups were comparable and well matched with regard to their baseline characteristics.
B. Effect of the exercise program on outcome measures
Pre-and post-intervention group statistics and group x time interactions are shown in Table 1 . There was a significant difference between the groups regarding the changes (intervention to baseline) in � TMT (Figure 2 ). There were no significant differences among the other measures. cognitive flexibility and executive functions [17] . The � TMT score is considered a more accurate measurement of executive functions [21, 22] . That is, the results reflect specially improvement in executive cognitive functions. The reason is that DTTC training involves executive tasks that are the control of goal-oriented actions and adaptive behaviors. Additionally, VFT
was not also significantly improved after DTTC training. It includes recalling tasks as their main elements; however, DTTC training does not involve recalling the task. This is considered the reason why the result of VFT was not significantly changed.
Previous studies reported that other "exergames, " based on Nintendo Wii Fit (Nintendo, Kyoto, Japan) or other devices, improved balance and leg muscle functions [23, 24] . However, in these cases, the user needs control devices to capture motions and longer and more frequent exercise is required, compared with DTTC training, to obtain physical effects. DTTC overcomes these weaknesses and can offer comparable cognitive and physical benefits to users. Other previous studies have shown that a home-based dance device, using videogame technology, also improved the physical and cognitive parameters of fall risk in elderly people [25] . These home-based training tools are expected to increase the improvement of various functions and lead to fall prevention; our DTTC device is similar to these tools.
There are several limitations to this study. First, the
